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UCTION / !

Interference between the body and the 1lifting surfaces of a missile :
can have very large effects on its over-all aerodynamic characteristics,
especially since the span of the missile is usually not large compared ;e
to its body dlameter. Despite the very important influence that wing-

tody interference can have on 1ift and moment, no simple general method
kas hitherto been advanced for predicting these effects. The theories o
that have been advanced are of two types. Either they are complex math- e ;

ematical solutions to boundary-value problems or they are approximate EQ
engineering methods.

The most useful theoretical results so far are those of Spreiter
(reference 1) for slender plane and cruciform wing-body combinations.

The results of Spreiter do not, however, apply directly to blunt missiles.

Some mathematical solutlons of various problems for rectangular wing- ’
body combinations have been made by Ferrari, Morikawa, and Nielsen

(references 2, 3, and 4), but these methods usually require much labor.

A calculative technique of Nielsen and Matteson (reference 5) for deter-

mining interference pressure fields where interaction between the top

end bottom surfaces of the wing does not affect the wing-body inter-

ference has been used by Moskowitz and Maslen (reference 6) to obtain

the theoretical pressure distributions on a triangular and a rectangular
wing-body combination. Comparison with experiment shows important effects :
of viscosity in the wing-body Jjuncture. An approximate theory has been i
presented by Nielsen, Katzen, and Tang (reference 7) for obtaining the
1ift and moment characteristics of triangular wing-body combinations,
and good agreement was obtained with experiment. Morikawa (reference 8)
tas presented approximate theories for triangular, rectangular, and

trapezoidal wing-body combinatione with no body behind the wing trailing
edge.

To summarize the present situation, it can be said that the compli-
cated mathematical theories are either too difficult or involve too much
work to be useful in ordinary design and that the approximate methods
are either too restrictive or involve unproved assumptions. There is
thus a definilte need for a simple engineering method of predicting lift

~SOMBEREITTAL




98 CONSTPRIFTPAL

and moment interference effects for a wide range of practical configura- §k .
3 tions. It is the purpose of this paper to present a résumé of such a F W(
1 method together with an experimental verification of the method. The 3
M experimental data correlated with the theory include over-all 1ift and ; B(
N moment results for plane configurations and cruciform configurations at §
" v zero angle of bank. ; C
C-]
: SYMBOLS
i
‘ a body radius
& Cp chord at wing-body Juncture
!
g i
£ hord st wing ti E
i Cy chord at wing tip ; ban
| i
Cy, 1ift coefficient based on wing-alone area ¥ g?i
. 7 11
C normal-force coefficient based on wing-alone area i by
N i nlol
mers
d body diameter ; fact
K ratio of 1ift of combination exclusive of nose to that of : thie
wing alone {
KB ratio of 1ift of winged part of body to that of wing alone ]
. : Ky ratio of 1ift of wing in combination to that of wing alone Stmi
i ' 3 ’
‘ i L 1ift force the 1
| sive
i M free-stream Mach number
i
: a angle of attack
B = R -1
c
A= L
Cp 5
® angle of roll ;
1 b detern
4 W i al -
3 wing alone g body.
y : B body alone : _ 2
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w(B) wing in presence of body

B(W) body in presence of wing exclusive of nose
¢ combination

C-N combination exclusive of nose

LIFT AND MOMENT INTERFERENCE AT ZERO ANGLE OF BANK

Over-All Lift

First the over-all 1lift of wing-body combinations at zero angle of
tank will be discussed, and then the over-all moment will be considered.
In &1l cases the body and wing are rigidly attached. The manner used in
this paper of specifying the 1ift of wing-body combinations is illustrated
by figure 1. First, all 1ift forces are referred to the 1ift of the wing
slone, which is taken as the exposed wing panels Jolned together. As a
musure of the 1ift on the combination exclusive of the body nose, a
fuctor K 1is introduced, which is the ratio of the 1ift developed on
ti.ls part of the combination to the 1ift of the wing alone:

K=%‘JE (1)

Similarly factors Ky and Kpg are introduced to specify the 1ift of

tke wing in combination and the 1ift of the body in combination, exclu-
sive of the nose: '

K, = H(B) (2)

K = Kp + Ky (%)

It is clear that the determination of Kw and KB is equivalent to

determining the 1ift of the combination and its division between wing and
tody. The method used in determining Ky 1s now discussed.
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Values of Ky can be estimated by slender-body theory or by strip
theory using the upwash variation across the span of the wing caused by

the body. A comparison of the values of Ky determined by the two line
theories plotted against radius-semispan ratio shows that strip theory E?:]
is generally of the order of 10 percent higher than slender-body theory. altl
However, strip theory 1s known to be too high since it assumes perfect thec
reflection by the body. Therefore, Ky &as given by slender-body theory of
has been used in the method of this paper. A curve giving the ratlo Ky aspe
according to slender-body theory is presented in figure 2. réfc
Hitherto the only theory for the determination of Kp was slender-
body theory, but an alternate theory, of which use is made in this paper, the
is now described. For a wing mounted on a constant-diameter section, by +
the 1ift is generated essentially by the wing. The 1ift so generated is of t
carried over onto the body downstream of the Mach helix from the leading sour
edge of the juncture. Behind the Mach helix from the trailing edge of by ¢
the juncture not much 1ift is developed becasuse of the influence of the 100
wing trailing edge. Simplification of this nonplanar model is desirable
for purposes of calculation. The assumption is thus made that the body
is collapsed to a plane, and that the Mach helices become the Mach lines 1114
of figure 1. If it is further assumed that the wing panels act at their sigr
angle of attack and that the body area acts essentially at zero angle of of}r
attack, the value of Kp can be estimated by integrating the 1ift due to corr
one wing panel over the area between the Mach lines, doubling the result, with
and dividing by the 1ift of the wing alone. This method is only appli- esti
cable to cases where the wing tips have no 1ift contribution on the area conf
considered, and when the body extends behind the trailing edge, that is, +10
when there is an afterbody. The values of Kp determined by this metho! L1 ¢
are in good accord with the slender-body values of Kg at the lower ebou
1limiting aspect ratio where the wing tips Just start to affect the wing- wit h
body interference, and they are more reliable at higher aspect ratios. cab Le
The lower limiting aspect ratio is determined from the following equallty than
cond:
" Ymp 5) lnte
(1 + 2)(mB + 1)
The values of KB determined by the present theory were used for aspect
ratios above the lower limiting aspect ratio, and the values of KB neces
given by slender-body theory were used below this aspect ratio. For of t}
highly tapered wings the lower limiting aspect ratio approaches zero, : ving-
and in rare instances where the value of Kp given by the present theory E lnted
exceeds that for slender-body theory near the lower limiting aspect ratk.? ence
the slender-body value is used. A simple design chart for the determin&‘{ effec
tion of KB is included as figure 3. 3
press
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The use of slender-body values of Ky and Kp together with the
linear-theory values of the wing-alone lift-curve slope to determine
the 1ift-curve slopes of wing-body combinations is termed "modified
slender-body theory." Modified slender-body theory is in principle,
although not in actual detail, that used in reference 7. The present
theory differs from slender-body theory only in the use of new values
of Ky for values of the aspect ratio greater than the lower limiting
aspect ratio. The full details of the present method are included in
reference 9.

To test the foregoing concepts, a correlation has been made between
the complete-combination lift-curve slopes as measured and as predicted
by the present method. The experimental results for the linear portion
of the 1ift curve about zero angle of sttack have been taken from many
sources. The 1ift of the nose of the combinations has been predicted
by slender-body theory. The correlation has been performed for about
100 wing-body, Mach wave configurations.

Figure 4 presents the correlation between estimated and experimental
lift-curve slopes for 33 triangular wing-body combinations. The symbol B
signifies the square root of the Mach number squared minus one. The 1line
of perfect agreement is shown together with the limits of *10 percent
correlation. As can be seen, nearly all the configurations correlate
vithin these 1limits. Figure 5 presents the correlation between the
estimated and experimental lift-curve slopes for 20 rectangular wing-body
configurations. Again nearly all the configurations fall within the
110 percent correlation limits. Figure 6 shows the correlation curve for
L1 trapezoidal wing-body configurations and again the correlation is
gbout 110 percent. The correlation curves include some configurations
vithout afterbodies for which the present theory is not strictly appli-
cable. On the average these conflgurations exhibit less experimental 1ift
than estimated 1lift as would be expected. Detailed tables of the test
conditions and aerodynamic coefficients of all the configurations corre-
lated are included in reference 9.

Owver-All Moment

To predict the over-all moment of a wing-body combination, it is
necessary to predict the centers of pressure of the various components
of the 11ft in addition to the components themselves. ¥For the triangular
ving-body combination the center-of-pressure positions have been calcu-
lated using the closed expression of Nielsen, Katzen, and Tang, refer-
ence [, which is based entirely on slender-body theory and includes the
effect of the body nose.

The correlation between the estimated and experimental center-of-
pressure positions in body diameters behind the nose of the body is
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presented in figure 7 for about 30 trilangular wing-body combinations.
Extremely good correlation is indicated, the scatter about the line of
perfect agreement being only 10.2 body diameter. The good agreement is
believed to be the result of several compensating effects. First,
slender-body theory does not take into account the tendency of the body
to shift downstream the 1ift carried over onto it from the wing, thereby
giving a position of the center of pressure that is too far forward.
However, if a round afterbody behaves similarly to a flat one, there are
negative 1ifting pressures on the rear of the afterbody which have the
effect of moving the center of pressure forward. Good correlation
between estimated and experimental center-of-pressure position for the
triangular wings is thus fortuitous.

If slender-body theory 1s applied to rectangular wing-body combina-
tions to determine the center of pressure of the exposed wing 1lift, it
glves the erroneous result that the center of pressure is at the wing
leading edge. Some theory other than slender-body theory is thus
required for rectangular wing-body combinations. The 1ift components as
given by the 1i1ft method of this paper were utilized. The center-of-
pressure positions were calculated as follows: Slender-body theory was
used to calculate the center-of-pressure position of the body nose. The
center of pressure of the wing alone was used for the wing panels in
combination. The center of pressure of the 1ift carried over on to the
body by the wing was determined from the same calculative model already
described for determining the 1ift.

Figure 8 shows the correlation between the estimated and experi-
mental center-of-pressure positions for 18 rectangular wing-body combina-
tions. This correlation curve illustrates the fact that the experimental
center-of-pressure locations are on the average slightly forward of the
estimated positions. This effect 1s believed to be due primarily to the
afterbody which causes a forward shift in the actual center-of-pressure
location, similar to that described for the triangular wing-body
combinations.

At the present time no final results are available for the center-
of-pressure positions for the trapezoldal wing-body combinations. A
unified method for moment similar to that presented here for 1if%, to
include triangular, rectangular, and trapezoidal combinations, 1is being
attempted.
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WING ALONE

Le-
K’tg‘u‘Ke‘Kw SUBSCRIPTS

w C-N WING-BODY COMBINATION

WITH NO NOSE
K lﬂ-(—w—)
Lw W  WING ALONE
| INATI

‘ _Lw(s) W(B) WING IN COMBINATION
W Lw B(W) BODY IN COMBINATION

Figure 1.- Symbols and definitions.
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Figure 2.- Chart for determining slender-body values for Ky and Kg.
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(a) Correlation curve.

(b) Triangular configurations correlated.

Figure 4.- Correlation between estimated and experimental lift-curve

slopes of triangular wing-body combinations.
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(b) Rectangular configurations correlated.

Figure 5.- Correlation between estimated and experimental lift-curve
slopes of rectangular wing-body combinations.
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(b) Trapezoidal configurations correlated.

Figure 6.- Correlation between estimated and experimental 1lift-curve

slopes of trapezoidal wing-body combinations.
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Figure 7.~ Correlation between estimdted and experimental centers of
preasure for triangular wing-body combinations.
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Figure 8.- Correlation between estimated and experimental centers of
pressure for rectangular wing-body combinations.




